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THE EFFECT OF PICTURE-TUBE-CH:ARACTERISTIC NON-LINEARITY 

ON THE BRIGHTNESS OF A MONOCHROME COMPATIBLE PICTURE 

SUMMARY. 

It is shown that in a colour television system, using the standard N.T.S.C. 
method of gamma correction, the deterioration in panchromatici ty of the monochrome 
compatible picture can be reduced by the presence of the dot pattern due to the 
chrominance sub-carrier. A "notch" or sub-carrier elimination filter is thus 
undesirable in monochrome receivers. In the case of a true constant luminance type 
of NeT.S.C. system the presence of the chrominance signal on the monochrome screen is 
deleterious although the deterioration caused by it is by no means as great as the 
improvement to be obtained from its presence in the case of the st·andard N.T.S.C. 
system, A black-to-blue transition is taken to illustrate these effects and one or 
two others of a transient nature. 

1, INTRODUCTION. 

The results produced by the failure of the constant luminance principle in 
the standard NeT.S.C. colour television system have been described in the American 
technical press 1, 2,3,4,5,6 and several remedies 3 have been discussed, including one 
in BBC Research Department Technical Memorandum T.1012. 

So far as is known, however, no account seems to have been published of the 
effect on a monochrome receiver (not containing a "notch" or chrominance sub-carrier 
eliminating filter) of the presence on the picture-tube screen of the dot pattern due 
to the chrominance sub-carrier. The effect mentioned can be considerable. For 
example, in the case of the transmission of a saturated bright blue scene (perhaps a 
sub~-tropical sky) the br.ightness on a monochrome receiver having a sub-carrier 
eliminating "notch" filter would be roughly a thirtieth of its correct value but 
without the "notch" filter the monochrome receiver, due to picture-tube non-linearity 
acting upon the chrominance signal would raise the brightness to a half of the correct 
value. Approximately the same improvement figure was obtained by T.C. Nuttall in a 
letter reierring to the same subject. The benefit in dot pattern elimination to be 
derived from a "notch" filter in the monochrome receiver may be somewhat offset by the 
beneficial effect of partial rectification of the chrominance signal in raising gamma
distorted luminance to a value closer to the original undistorted figure. 
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Let us assume a 'picture tube screen-brightness-to-grid-vol tage characteristic 
of sim'ple 'power-law form having an exponent y. If Y is the luminance or brightness 
signal, C 1.:2 the chrominance or hue-and-saturation signal and ~; the chrominance 
sub-carrier frequency, we may express the com'posite colour signal as 

( 1) 

where, to introduce the N.T.S.C. chrominance axes referred to as I and Q, we have 

et :- arc tan g 
I 

C = ,j(I2 + Q2) 
} (2) 

In the absence of a "notch" filter the video channel of a monochrome 
receiver will contain the signal described by equation 1. The action of a "notch" 
filter would be to eliminate the second term in the square brackets. 

It is virtually always the case that the received 'pictures are viewed at 
such a distance that the dot 'pattern due to the 'presence of the second t~rm (chromin
ance signal) in equation 1 gives rise to an almost if not quite uniform field having 
a certain mean or average brightness. This is because the bright dots cannot be 
distinguished sufficiently from the dark inters'paces between them. We must therefore 
calculate the mean brightness due to the signal M of equation 1. This method of 
examination of the 'problem has already been used in BBC Research De'partment Re'port 
No. T.051. 

More exactly, since the 'picture tube is inca'pable of 'producing negative 
light, the mean value of the brightness due to the signal M is 'pro'portional to MY but 
restricted to 'positive values of M. Thus, this mean brightness may be re'presented by 

y 
N 1 7T ~ ar c cos C 

M' = fi J MY dJe (3) 
o 

where e is the instantaneous 'phase of the second term of equation 1 and the angle 
7T - arc cos ~ is the value of it for which the signal M 'passes through zero from 
'posi tive towards negative values. 

Two exam'ples will now be examined. They will show that for the standard 
N.T.S.C. system, Bingley's3 classification [1J, the 'presence of, chrominance signal 
com'pensates very considerably for the breakdown of constant luminance whereas for the 
non-standard system, Bingley' s classification [2J, using a luminance signal itself 
gamma-corrected but com'posed of uncorrected or unity gamma signals the 'presence of 
chrominance signal is detrimental and causes a de'parture from constant luminance. 

The two cases mentioned will be a'p'plied to the transmission of an abru'pt 
transition in the original scene from black to bright saturated-blue. This colour 
has been chosen .because it causes the greatest de'parture from constant luminance when 
transmitted by the standard N.T.S.C. system. The choice of transition from black to 
blue rather than a steady blue signal is made because it is also of interest to 
observe how the brightness on a tube screen is built u.p when the chrominance signal is 
'present. Whilst the build-u.p of brightness will not conform exactly to the curves 
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shown in Fig. 4 because, in fine detail, the individual half cycles of chrominance 
sub-carrier (see Figs. 2 and 6) may be separately distinguished by eye so that the 
integration effect expressed by equation 3 becomes only partially true; nevertheless 
a reasonable representation of a transition is, it is thought, obtained. 

Interest is not, in this report, centred upon the exact manner in which the 
1, Q and Y lo~pass filters respond to unit step excitation. We shall therefore 
assume that a low~pass filter of cut-off frequency ~~ will respond to such an 
excitation with the function, say, .if (f£ -I- arc tan k cv ot) • This represents a monotonic 
approximation to the step fUnction with which it coincides as k ; 00. It turns out 
that a good app~oximation to practical cases is given when k is unity. The transfer 
function corresponding to this assumed response is 

Following this we let 

~~ '" cut~off frequency of the colour separation 
signals R, G and B as well as that of the 
luminance or Y channel. 

cv 2 - ff f h 1 h 1 277 - cutr-o requency of t e c anne • 

~;''''' cutr-off frequency of the Q channel. 

2. EXAMPLE 1; STANDARD N.T.S.C. 

In the standard N.T.S.C. system gamma-corrected colour separation signals 
R', G' and B' are used in the formation of the 1, Q and Y signals. In conformity with 

1 
D.S. practice the primes are used to indicate gamma correction; thus R' = R'Y, etc. 
The colour separation signals corresponding to the abrupt black to bright saturatea
blue transition are 

R o G o (4) 

whence 

(5) 

The N.T.S.C. transmission matrix or enc~der will add: 1!&-e gatntna::-:corr'eeted colour 
separation signals in suitable proportions thus obtaining 'f; ',1 and Q'"as follows 

Y 0- 3ll' + 0'500' -I- 0° m' 

J 1 0-6R ' - 0-27G' - 0-328' -, 

O· 21B' 0-530' 0-328 ' Q - 0} 

(6) 

But with equation 5 we have 



4 

1 
Y o·n@ (~+ arc tan Cti l t)]y 

1 
I -0' 32@ (~ + arc tan Cti2t)] y 

. 1 

Q = O· 32@ (~ + arc tan Ctist )]y 

(7) 

Notice that the effects of the I and Q low-pass filters have been accounted for in the 
arguments of the arc tangents. 

The composite signal can now be written by substituting the second and third 
equations 7 into equations 2 and the result along with the first equation 7 into 
equation 1. Thus 

11 = {oon[ff (~+ arc tan Ctil t)]j} + .{0·321i+ ~~ + arc tan Cti2t); + (~+ arc tan Cti3t)~ 
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luminance and chrominance sub".carrier 

envelope 

(

77 + 
tan "2 

1.!.+ 
2 

arc 
(8) 

arc 

Figs. 1 and 2 show 11 as a function 
of time with the following values assigned 
to the parameters: 

y=.Q 
2 

wl 3 Mc/s 
277 

w2 = 1 Mc/s 
277 

.ws = 0·4 Mc/s 
277 

Note that the chrominance signal amplitude 
greatly exceeds the luminance signal thus 
forcing the picture-tube control electrode 
well into the region of zero fluorescence 
of the phosphor screen on negative half 
cycles of sub-carrier. 

In the presence of a "notch" 
filter the monochrome receiver would 
reproduce the black-to-blue transition with 
incorrect brightness as shown in curve 1, 
Fig. 3. This curve was obtained by 
applying the operation described by 
equation 3 to equation 8 with the chromin
ance term, the second term on the right-hand 
side, removed, (by the "not.ch" filter). 
Of course, without chrominance signal no 
integration is in fact necessary and the 

Fig. 27 ~ The composite signal for a black incorrect luminance results simply from the 
to bright saturated blue transition in the raising of the factor 0·11 to the power 
standard N. ToS.C. colour television system IY by the.,picture-tube characteristic. 
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Fig. ~ - The original black-to-blue 
transition as reproduced 

In the absence of a "notch" filter the screen brightness must be obtained 
by performing the integration shown in equation 3. The result is shown as curve 1 
Fig. 4. It ."Till be noted immediately that, comparing curves 1 in Figs. 3 and 4, the 
presence of the chrominance signal has raised the final brightness from the very low 
value of 0'004 to the much improved value of 0'058. The latter figure is about half 
the correct value whilst the former is about one-thirtieth of it. 

3. EXAMPLE 2: CONSTANT LUMINANCE N.T.S.C. 

We turn now to the constant luminanc~ N.T.S.C. system, Bingley's classifi
cation [2]. In this system unity-gamma signals are used in the formation of the I, Q 
and I signals,- the luminance signal itself being raised to the power + before 
transmission. The transmission matrix now becomes similar to equation 6 but without 
the primes, thus R, G and B are used instead of RI, G I and B

J 
• The I, Q and I 

signals as prepared for transmission become, in our example of black-to-blue transi tioD, 
1 

[0'11 (!!. 
1 

I 
Ii' = 7T 2 + arc t an Ct!1 t ) ] '1 

I -0' 32 (!!. + arc tan Ct!2t) (7a) ---yr- 2 

Q 0'32 (!!. + arc tan Ct!st) -77 2 

and the composite video signal becomes 
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TT + arc tan wst 
x sin [w t + arc tan ~ ]} 

s TT (8a) 
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Fig. 67 
- The composite signal for a 

black to bright saturated blue transition 
in a constant luminance N.T.S.C. colour 

television system 

4. CONCLUSIONS. 

~ + arc tan ciJ2 t 

Figs. 5 and 6 show M as a function 
of time. They are directly comparable 
with Figs. 1 and 2. The kink in the lower 
part of the envelope of the calculated 
chrominance signal shown in Fig. 5 is also 
clearly visible in the photograph in Fig. 6 • 
It is caused by the steep rise in luminance 
signal at the transition finding itself in 
opposition to one or two of the negative 
half-cycles of the sub-carrier 'signal. 
Note that in this (constant luminance) case 
the composite signal scarcely goes negative 
so that in determining the average mono
chrome screen brightness in accordance with 
equation 3 we can put the angle arc cos f 
to zero. The case of a monochrome 
receiver containing a "notch" filter is 
immediately covered by deleting the second 
term in equation 8a and raising the first 
term to the power y as would be done by the 
receiver picture tube. Curve 2 in Fig. 3 
is simply a graph of this, which is, of 
course, O' lIB from equation 4. Thi s is the 
correct brightness---the system is truly 
a "constant luminance" one. 

The ab sence of a "notch" filter 
for this system, unlike the standard system, 
tends to distort the result. Curve 2 in 
Fig. 4 shows the final monochrome bright
ness to be twice the proper value. 

It has been shown that for the colour and brightness transition giving rise 
to the greatest departure from correct luminance in the standard N.T.S.C. colour 
television system the presenc~ of the sub-carrier dot structure on the monochrome 
receiver screen is beneficial in that the brightness which would otherwise be 3% of 
its correct value is raised to about 50% of this. In the case of a truly constant
luminance system the brightness is over accentuated by the dot structure and it 
becomes about twice the proper value. 
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Monochrome receivers built with a view to reception of the composite signal 
of a compatible standard N.T.S.C. system should not contain "notch" filters if a 
roughly panchromatic response is desired. 
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